10 



605610 vl AB-928US 




EXPRj^MAIL LABEL NO: 
EL276258271 US 



NONEXPOSED HEAT SINK FOR 
SEMICONDUCTOR PACKAGE 
Christopher J. de Simone 
Lucian M. Hand 
Gi Jeong Kim 
Seung Mo Kim 
JinAn Lee 



CROSS-REFERENCE TO RELATED APPLICATION 

This application is related to an application entitled "Leadframe for Molded 

Semiconductor Package and Semiconductor Package Made Using the Leadframe", application 
lil no. (A\!S>^ Va^^ev docket no. AB-816 US), which was filed herewith on February 24, 2000, 
i :jl5 and is incorporated herein by reference in its entirety. 

H FIELD OF THE INVENTION 

I^^ The present invention relates to a semiconductor package, and in particular to a 

semiconductor package having a nonexposed heat sink. 

i&o , 

g BACKGROUND OF THE INVENTION 

Fig. 1 is a cross-sectional view of a convent^nal semiconductor package 1 Package 1 ' 
includes a semiconductor chip 2 that is attached to a planar upper surface 5a of a heat sink 5' 
using adhesive 6. Heat sink 5' has a relativelylarge thickness (e.g., 1 to 3 mm) and may be 
25 formed of copper, aluminum, or other matenals. A plurality of metal leads 7' surround 

semiconductor chip 2. Leads 7' are about 0.12 mm to 0.15 mm thick, and thus are much thinner 
than heat sink 5'. Each lead 7' conip(nses an encapsulated inner lead 1 1 ' and a nonencapsulated 
outer lead 12\ The inner leads IJr overlap heat sink 5', but are electrically isolated from heat 
sink 5' by a dielectric materiaj< s.g., a layer of an adhesive tape 6a. Metal bond wires 3 
electrically connect each in^r lead 11 ' to a bond pad of semiconductor chip 2. An insulative, 
molded resin encapsulated forms the package body and covers semiconductor chip 2, inner leads 
11% conductive wiresX and upper surface 5a' and side surfaces 5b' of heat sink 5'. Planar 
lower surface 5c' ofi4ieat sink 5' is exposed at the lower surface of the resin encapsulate 4 in 
order to obtain in^roved heat discharge characteristics. 
/35 Vn Fig. 2 illustrates a ^miventional procedure for fabricating a conventional heat sink 5', In 
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particular, a pair of facing U-shaped slojs^l ' are stamped through a metal strip 50'. A pair of 
opposing support bars 52' remain after slots 51' are stamped. Subsequently, support bars 52' are 
cut in a second stamping step^/Since the support bars 52' are relatively thick, some elongation of 
support bars 52' occurs danng the cutting operation. As a result, V-shaped protrusions 8 are 
formed on two oppo^g sides of heat sink 5', This two step stamping process is used because of 
the substantial thickness of metal strip 50' and support bars 52'. If a single stamping step were 
used insteadylfeat sink 5' would be bent. Consequently, an additional step to flatten heat sink 5' 
would be^^quired. 

10 After heat sinI^/5' is cut from metal sheet 50', heat sink 5' typically is subjected to several 

complicated coatin^and treatment steps. For example, the exposed lower surface of heat sink 5' 
(Fig. 1) typically is sand blasted to facilitate marking and then plated with nickel. The 
encapsulated^rfaces of a copper heat sink 5' are subjected to a well-knovm black oxidation 
process (a^pted to form a CuO thin film and/or a CU2O thin film) that facilitates the attachment 
|^^5 of enc^ulate 4 to heat sink 5' . 

Conventional heat sink 5' of package 1 ' ^Sid the methods used to make heat sink 5' have 
several disadvantages. First, as described above, heat sink 5' is too thick to be stamped out in a 
3 single stamping step, but rather requires tWo stamping steps. Second, because lower surface 5c' 
ij of heat sink 5' is exposed at the lower surface of the package body, the complicated nickel 
;f20 coating and sand blasting steps despnbed above are necessary. Third, protrusions 8 on heat sink 
;| 5' cause turbulence in the flow of resin during the molding process, and possibly can cause the 
formation of undesirable voids in encapsulate 4. Fourth, because heat sink 5' is heavy, and is 
much thicker than inner le^s 11', inner leads 1 1 ' may become bent during handling of the 
leadframe after heat sioic 5' is attached thereto. Such a bend in the leads may cause short 
circuiting and may adversely affect wire bonding. Fifth, because the lower surface of heat sink 
5' is exposed, a m©re complicated mold is required than would be used for an ordinary leadframe 
that does not h^e an exposed heat sink. Finally, excess encapsulate flashes onto lower surface 
5c' of heat ^!nk 5' during molding. Accordingly, a deflash step is necessary to remove the 
excess nwrtding compound. This deflash process typically includes a chemical deflash step, 
30 followgti by a mechanical deflash step using a water jet rinse. 

In summary, artisans face numerous problems in the conventional use of a relatively 
thick, exposed heat sink 5' in conventional semiconductor packages 1 ', yet artisans continue to 
use such heat sinks. 
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SUMMARY OF THE INVENTION 

The present invention includes a semiconductor package that has excellent heat 
dissipation capabilities, but does not have the numerous manufacturing problems and costs 
associated with a conventional thick, exposed heat sink. The applicants have discovered that 
comparable heat dissipation characteristics and superior package molding may be obtained with 
a thinner, nonexposed heat sink, rather than a thick, exposed heat sink. 

One embodiment of a semicOTwiuctor package within the present invention includes a 
semiconductor chip encapsulated thin a 28 mm square molded package body. The 
semiconductor chip is mounted/on a fully encapsulated, flat plate (i.e., the heat sink), which may 
be formed of copper or othg^aterials. Metal leads, which are much thinner than the plate, 
extend from a first end overhanging the plate within the package body to a second end outside of 
the package body. Th/e plate may be adhesivly attached to the inner ends of the leads with an 
electrically insulath/e, thermally conductive adhesive tape, or staked to pseudo tie bars that 
extend from the ^mers of the package. The package may be used for high power applications 
that require excellent heat dissipation characteristics. 

Various embodiments of packages, leadframes, and methods within the present invention 
are described in the following detailed description and in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional side view of a conventional semiconductor package 1 ' having a 
thick, exposed heat sink 5'. 

Fig. 2 is a plan view illustrating a procedure for fabricating a conventional heat sink 5' 
from a metal sheet 50'. 

Fig. 3 is a cross-sectional side view of a semiconductor package 1 having a nonexposed 
heat sink 5. 

Fig. 4 is a graph depicting an example of the variation in heat discharge effect depending 
on the thickness of a fully encapsulated heat sink. 

Fig. 5 A is a plan view illustrating a procedure for fabricating a heat sink 5. 
Fig. 5B is a cross-sectional side view of heat sink 5. 
Fig. 5C is an enlarged cross-sectional side view of a portion D of Fig. 5B. 
Fig. 6A is a plan view of a leadframe 20. 

Fig. 6B is a plan view of leadframe 20 with an attached heat sink 5. 
Fig. 7 A is a plan view of a leadframe 10. 

Fig. 7B is a plan view of leadframe 10 with an attached heat sink 5. 
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Fig. 8 is a plan view of a portion A of Figs. 7 A and 7B. 
Fig. 9A is a plan view of a portion B of Figs. 7A and 7B. 
Fig. 9B is a plan view of a portion C of Figs. 7 A and 7B. 

Fig. 1 OA is a cross-sectional side view of an alternative semiconductor package 60. 
Fig. 10 B is a second cross-sectional side view of semiconductor package 60 showing 
metal protrusions 61 of heat sink 5 joined to down set pseudo tie bars 26. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This application is related to an application entitled "Leadframe for Molded 
Semiconductor Package and Semiconductor Package Made Using the Leadframe," 
application no. (attomey docket no. AB-816 US), which was filed herewith 



on February 24, 2000 and is incorporated herein by reference in its entirety. The present 
application claims priority firom Korean patent application 99-13130, which was filed in the 
Korean Industrial Property Office on April 14, 1999, was provided to the U.S. Patent and 
Trademark Office with the present application, and is incorporated herein by reference. 

Fig. 3 is a cross-sectional view of an embodiment of semiconductor package 1 within the 
present invention. Semiconductor package 1 may be fabricated using a variety of leadfi*ames, 
two examples of which are discussed further below. 

Package 1 of Fig. 3 includes/a semiconductor chip 2 that is centrally mounted on a planar 
upper surface 5 a of an encapsulated metal plate, denoted as heat sink 5. A thermally conductive 
adhesive 6, which may be a film or a paste, attaches chip 2 to upper surface 5a of heat sink 5. A 
plurality of metal leads 7 each extend fi-om an encapsulated first end that is adjacent to chip 2 to 
a second end that is out^de of the package body formed by encapsulate 4. In particular, each 
lead 7 comprises an^capsulated inner lead 1 1 and an exposed outer lead 12. Inner leads 1 1 
extend over and are attached to an outer peripheral portion of upper surface 5a of heat sink 5 by 
means of an ej^trically insulative, thermally conductive adhesive layer 6a comprised of, for 
example, a jdouble-sided adhesive tape. A plurality of metal bond wires 3 each electrically 
connect an inner lead 1 1 to bond pads of semiconductor chip 2. A resin encapsulate 4 forms a 
packa^ body. Encapsulate 4 completely covers chip 2, bond wires 3, heat sink 5, and inner 



In semiconductor package 1 of Fig, 3, heat is transmitted fi-om semiconductor chip 2 to 
heat sink 5 via thermally conductive adhesive 6. Heat from heat sink 5 is believed to primarily 
exit package 1 via conduction from heat sink 5 to the overhanging portions of inner leads 1 1, and 
from there through leads 7 to a circuit board upon which the package is mounted. 
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Heat sink 5 may beTormed of a variety of materials, such as copper, anodized aluminum, 
or ceramic (e.g., aluniinum nitride). In view of experiments discussed below, a copper heat sink 
5 for a 28 mm squ^c high power package may have a thickness between upper surface 5a and 
r5 lower surface ^of 0.3 mm to 0.7 mm (e.g., about 0.5 mm). By contrast, copper leads 7 and 



convention^ encapsulated die paddles (which are not heat sinks) typically have a thickness of 
about 0,V2 mm to 0.15 mm. Thus, in this embodiment, heat sink 5 is two to 4.6 times thicker 
than l^ds 7. 

Fig. 4 is a graph depicting a variation in heat discharge effect depending on the thickness 
10 of a copper heat sink. In Fig. 4, the abscissa axis represents the thickness (mm) of a heat sink, 
and the ordinate axis represents the value of 9 JA (^CfW), which is indicative of thermal 
resistance. A lower value of 0JA (*^CAV) corresponds to superior heat discharge characteristics. 
1*- Fig. 4 describes the results of mathematical modeling conducted for a molded quad flat 

Hi pack semiconductor package having a size of 28 mm x 28 nun and 208 leads. In the model, the 

thickness of a fully encapsulated heat sink was varied from 0.1 mm to 1 .0 mm. The model 
V. results were confirmed by experiment. 

PI J Referring to Fig. 4, it was fbimd that there was a remarkable decrease in the value of 0JA 

(°CAV) for heat sinks having a thickness ranging from 0. 1 mm to 0.3 mm. It is also found that 

J the rate of decrease in the value of 0JA (°CAV) is low where heat sink thickness exceeds 0.3 mm, 

20 That is, there is little incremental reduction in the value of 0JA (°CAV) for heat sinks having 
thicknesses greater than 0.3 mm. 

Experiments in molding a 28 mm square package having a fully encapsulated heat sink 
showed that there is a tendency for voids to be formed at the central portion of the lower surface 
of the package body when the heat sink 5 has a thickness greater than 1 .0 nmi. It was also found 

25 that, when using a leadframe and a heat sink with a thickness of less than 0.2 nun, there is a 

tendency for voids to be formed at a portion of the lower surface of the package body extending 
from the air vent region opposite to the initial encapsulating resin vent region. It was also found 
that, when the heat sink has a thickness ranging from 0.30 mm to 0.70 mm, and in particular, a 
thickness of about 0.50 mm, voids do not occur (or rarely occur) during molding. 

30 Accordingly, there is a point of diminishing retums in Fig. 4 where further increases in 

thickness of heat sink 5 of Fig. 3 have little effect on 0JA (°CAV). The curve v^ll have the same 
shape, albeit with different numerical levels, as the material of heat sink 5 is varied amongst 
materials having greater or lesser thermal conductivity (e.g., copper compared to diamond). The 
lower limit on the thickness of a fully encapsulated heat sink will largely be determined by the 

35 ability to mold without the formation of voids. The thermal performance also will be determined 
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by the amount of overhang of inner leads 1 1 over upper surface 5a of heat sink 5 of Fig. 3, the 
size of the gap between upper surface 5a and inner leads 11, and the thermal conductivity of 
adhesive 6a (if any) and heat sink 5, among other possible factors. 

Fig. 5a is a sch^atic view illustrating a procedure for fabricating a heat sink 5 according 
to one embodimen^f the present invention. Fig. 5b provides a side view of heat sink 5. Fig. 5c 
is an enlarged yew of portion D of Fig. 5b. 

As shown m^igs. 5a to 5c, heat sink 5 is fabricated in a single stamping step by stamping 
a square loop sloi 51 through a metal sheet 50 having a thickness of 0.3 to 0.7 mm, e.g., 0.5 nmi. 
Heat sink 5 nray be stamped in one step, as opposing to the two stamping steps required to form 
heat sink y of Fig. 1, because metal sheet 50 of Fig. 5a is significantly thinner than metal sheet 
50' of F^. 2 (0.3 to 0.7 mm verses 1 .0 to 3.0 mm). 

/ When heat sjffk 5 is downwardly punched from metal sheet 50, downward-extending 
burrs 9 (Fig. 5c)^ay be formed at the edge of lower surface of heat sink 5. To avoid tears in 
adhesive lavdr 6a of package 1 of Fig. 3, upper surface 5a of heat sink 5 opposite burrs 9 should 
be attacl;i^ to adhesive layer 6a. 

The entire surface of heat sink 5 may be coated using the well-known black oxidation 
process to improve the attachment of heat sink 5 to the molded resin encapsulate 4. There is no 
need to perform the other nickel plating or sand blasting processes described above with respect 
to the prior art heat sink 5% since heat sink 5 is fully encapsulated. 

Other advantages of the fully encapsulated heat sink 5 of the present invention are readily 
apparent. First, as discussed above, the thermal performance of heat sink 5 is comparable to a 
thicker, exposed heat sink. Second, heat sink 5 is significantly thinner than heat sink 5' of Fig. 1, 
which reduces material costs and weight, and reduces any bending of inner leads 1 1 due to the 
attachment of a heat sink thereto. Third, since heat sink 5 is fully encapsulated, there is no need 
for the costly deflash process described above. 

Fig. 1 OA is an altem^ive semiconductor package 60 within the present invention. 
Package 60 is the same as^miconductor package 1 of Fig. 3 except with respect to the fastening 
of heat sink 5 to the leajffirame of the package. In package 60, adhesive layer 6a is omitted, and a 
small layer of encapsulate 4 is between heat sink 5 and the portion of inner leads 1 1 that 
overhangs heat sink 5. Li package 60, heat sink 5 is supported in the central region of the 
package by encapsulated members that are separate from the leads. In particular, as shown in 
Fig. lOB, heat/sink 5 is mechanically fastened to members that formerly were part of the 
leadframe used to make package 60. In this example, the members are four, down set, 
electrically isolated pseudo tie bars 26 that each extend diagonally from a comer of the package 
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body towards chip 2. (P^eudo tie bars 26 are described in further detail below with respect to 
leadframe 20 of Fig,^'^.) A stake-like metal protrusion 61 extends from comer portions of first 
surface 5a of h^m sink 5 through a hole in each pseudo tie bar 26. Each protrusion 61 is stamped 
or swaged a^inst the respective pseudo tie bar 26 so as to form a metal to metal connection. In 
packag^O, heat transmitted from chip 2 to heat sink 5 is believed to primarily dissipate by 
conduction through encapsulate 4 to inner leads 11. 

As mentioned above, the nonexposed heat sink 5 of the present invention may be used 
with a variety of leadframe configurations to make semiconductor package 1 of Fig. 3. Artisans 
should appreciate that the present invention is not limited to a particular style of leadframe, lead, 
or package. 

As examples of the versatility of the present invention, two exemplary leadframes are 
described below that may be used to make semiconductor package 1 of Fig. 3. In particular, 
semiconductor package 1 may be made with leadframe 20 of Figs. 6A and 6B, and with a new 
style of leadframe, leadframe 10 of Figs. 7A-9B. 

Referring to Fig. 6A, leadframe 20 is formed from a thin metal sheet (e.g., 0.12 to 0.15 
mm thick copper, copper alloy. Alloy 42, or some other conventional metal) by stamping or 
etching. Leadframe 20 includes an inner rectangular frame formed by rectilinear dam bars 21 . A 
plurality of leads 22 extending from dam bars 21 include an inner lead 23 and an outer lead 24. 
Inner leads 23 are imiformly spaced from each other. Each inner lead 23 extends from a first end 
integral with an inner side of dam bar 21 to a second end adjacent to a central opening 25 of 
leadframe 20. Outer leads 24 each extend from a first end integral with an outer side of dam bar 
21 to a second end (not shown) integral with an outer frame (not shown) of leadframe 20. 
Pseudo tie bars 26 are arranged at four comers of the leadframe 20, respectively. Each pseudo 
tie bar 26 extends diagonally from a comer of dam bar 21 toward central opening 25. As is 
apparent from the above description, leadframe 20 has a symmetrical structure in longitudinal, 
lateral, and diagonal directions. 

Fig. 6B shows a leadframe 20 within the present invention that includes a heat sink 5 
(shown by solid lines). A peripheral portion of upper surface 5a of heat sink 5 is attached to the 
lower surface of inner leads 23 and pseudo tie bars 26 using a ring of an electrically insulative, 
thermally conductive adhesive layer 6a. Layer 6a is shown between dash lines in Fig. 63. Layer 
6a may be a double sided adhesive tape. The inner edge of layer 6a extends slightly into the 
central opening 25 just beyond the tips of inner leads 23. A method of applying the tape includes 
first applying the tape to a heated leadframe 20, attaching heat sink 5 to the opposite side of the 
tape, and then curing the tape in a curing oven at reduced pressure. An altemative embodiment 
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uses segments of tape rather than a ring of tape. The segments of tape may be connected 
between heat sink 5 and pseudo tie bars 26. 

As discussed above, a further aUemative for connecting a metal heat sink 5 to pseudo tie 
bars 26 employs stake-like metal protrusions 61 that each extend from a comer peripheral 
portion of first surface 5a of heat sink 5, as shown in Fig. lOB. The protrusions 61 are formed by 
pimching partially through comer areas of heat sink 5 from lower surface 5c. Each protrusion 61 
fits through a hole in the respective pseudo tie bar 26. A metal to metal connection is formed by 
stamping or swaging the protrusions 61 onto pseudo tie bars 26. 

An alternative heat sink 5 may be formed of a nonconductive material, such as ceramic. 
A technique for affixing a ceramic heat sink may include forming a hole in the upper surface 5a 
of the heat sink 5 near each of the four comers of heat sink 5. Pseudo tie bars 26 may be 
pimched so as to form a downward-extending stake that can subsequently be stamped into the 
holes in the ceramic heat sink 5, thereby forming a connection that secures heat sink 5 to pseudo 
tie bars 26. Pseudo tie bars 26 would not need to be down set in such a configuration. Inner 
leads 23 could rest on the heat sink 5, since it would be nonconductive. 

Figs. 7A and^7B shows an altemative metal leadframe 10 within the present invention. 
Leadframe lO^kicludes features, discussed further below, that enable easier and superior molding 
of the pacjie^ge body, reduce lead bending, and facilitate wire bonding of the leads. 

Leadframe 10 of Figs. 7A and 73 may be formed of copper, copper alloy. Alloy 42, or 
other conventional leadframe metals. Leadframe 10 includes a rectangular or square central 
opening 14 where a heat sink 5 will be provided. 

A plurality/ of metal leads (e.g., copper) extend radially aroimd central opening 14. Each 
lead has an inn^ lead 1 1 that will be encapsulated and an outer lead (denoted by the reference 
nimieral 12 iyFig, 9) that will extend outside of the package body. An outer end of inner lead 1 1 
is integrally^ connected to the inner side of a dam bar 19 (see Figs. 8, 9A, 9B) of leadframe 10. 
An opposnte free end of each inner lead 1 1 is adjacent to central opening 14 (Fig. 7 A) . An inner 
end ofyDuter lead 12 is integrally connected to an outer side of dam bar 19 (Fig. 9). An opposite 
outeyend (not shown) of each outer lead 12 is connected to an outer frame (not shown) of 
leaiffi-ame 10. 

An initial encapsulating introduction region 18 is present at one comer of the leadframe 
10 where melted encapsulating resin is introduced into a mold cavity through a mold runner. Air 
vent regions 17 are present at the remaining three comers of the leadframe 10. Air vent regions 
1 7 help to vent air from the mold cavity when the encapsulating resin is introduced. A portion of 
inner leads 1 1 near free ends 13 may be plated with silver to facilitate bond wire connections. 
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Leadframe 10 also includes three pseudo tie bars 15 beginning at the respective air vent 
regions 17. Pseudo tie bars 15 extend diagonally from dam bar 19 toward the central opening 
14. No pseudo tie bar is arranged at the initial encapsulating resin introduction region 18. 
5 Instead, an encapsulating resin introduction slot 18a having a relatively large width is formed to 
facilitate introduction of the resin into the mold cavity. 

Fig. 7B shows leadframe 10 with a heat sink 5 attached to inner leads 1 1 and pseudo tie 
bars 15 by means of a ring of an adhesive layer 6a. Adhesive layer 6a may be a double-sided 
adhesive tape. Adhesive layer 6a is attached to the lower surfaces of inner leads 1 1 and pseudo 
10 tie bars 15. 

Fig. 8 is an enlarged planA^iew of portion "A" of Figs. 7A and 7B. Slot 18a is between at 

least one pair of inner leads 1 Vrespectively arranged on opposite sides of a phantom line E that 

% extends diagonally from one comer of the encapsulated region (denoted by dash lines 16) toward 

central opening 14. SloL/fSa has a relatively wide portion outward of where adhesive layer 6a 

J15 and heat sink 5 attach/ro inner leads 11, which allows resin to be introduced into the mold cavity 

through slot 18a wjfliout forming a turbulent or vortex flow. Slot 1 8a also has a relatively 

narrow portioiy^ard of where adhesive layer 6a and heat sink 5 attach to inner leads 1 1 . The 

j wide portion/H slot 18a has a width gl, and the narrower portion of slot 18a has a width g2. 

Preferably the width gl is not more than 0.7 mm, and the width g2 is not more than 0.35 mm 

20 (while ^ill being greater than the width of the space defined between adjacent inner leads 1 1). 

i Leadfr^e 10 also is provided with an enlarged spade-shaped portion 15c at the outer 

n end of slot l^a (Fig. 8). Enlarged portion 1 5c of leadframe 1 0 smoothly guides the melted 
K /(I / 

^ ' encaps^ting resm toward slot 1 8a. A slot 1 8c extending around the side portions and/or rear 
pordon of enlarged portion 15c facilitates the downward flow of the melted encapsulating resin. 

25 The inner leads 1 1 arranged at initial encapsulating resin introduction region 1 8 (or 

alternatively, all of the inner leads 11) have a graduall y increasing widt h as they extend from 
dam bar 19 (Figs. 8, 9A, and 9B) toward the central opening 14 (Fig. 7A). Accordingly, the 
space between adjacent inner leads 1 1 gradually reduces in width between dam bar 19 and 
central opening 14. The increased width of inner leads 1 1 adjacent to central opening 14 allows 

30 easy bond wire attachment, and provides strength that reduces the possibility of bending of inner 
leads 1 1 during the handling and molding of leadframe 10. The space defined between the inner 
ends of adjacent inner leads 1 1 is preferably not more than 0.35 mm to avoid melting of adhesive 
layer 6a and forming voids during the molding process. 

Figs. 9A and 93 provide enlarged plan views of portions "B" and "C", respectively, of 

35 Fig. 7 A and 7B, which include air vent regions 17. At each air vent region 17, one pseudo tie 
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bar 15 and at least one pair of inner leads 1 1 adjacent to the pseudo tie bar 15 are arranged and 
extend from a corresponding comer of the leadframe 10 toward central opening 14. Pseudo tie 
bars 1 5 have a width corresponding to one or two times the width of an inner lead 1 1 . 

The outer end of each pseudo tie bar 15 (i.e., adjacent dam bar 19) has a spade-shaped 
enlarged portion 15b, that is integrally connected to dam bar 19. Enlarged portion 15b serves as 
an air vent member that allows air to be smoothly vented from the mold cavity during molding. 
A slot 18d extends around the side portions and/or rear portion of enlarged portion 15b. The air 
is smoothly vented from micro-ports at the three comers of the mold cavity through slots 18d, 
which prevents the formation of voids at those comers of the molded package body. With 
respect to the various portions of slot 18d of Figs. 9 A and 9B, slot ISd may have a width g3 of at 
least 0.2 mm, a width g5 of at least 0.15 mm, and a width g4 of at least 0.2 mm. 

Enlarged portion 15b of Fig. 9B differs from enlarged portion 15b of Fig. 9A in that at 
least one information identification hole 15a is centrally formed through the respective enlarged 
portion 15b. Infomiation identification hole 15a is used for leadframe alignment and 
identification purposes, and after molding becomes filled with encapsulate 4 (Fig. 3). 

As apparent from the above description, leadframe 10 exhibits a superior resin filling 
profile, thereby avoiding formation of voids in a molding process. 

Although several embodiments of the present invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, additions 
and substitutions are possible, without departing from the scope and spirit of the invention, 
which is defined by the accompanying claims. 
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